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(57) ABSTRACT

A decoding apparatus has an arithmetic decoder and a
controller. A counter logic of the controller generates a first
statistics result according to a first syntax element decoding
result. A control logic of the controller instructs the arith-
metic decoder to perform a first scan procedure at least once
to generate the first syntax element decoding result of
transform coethicients of a transform coetlicient block, con-
trols a repetition number of a second scan procedure based
at least partly on the first statistics result, and instructs the
arithmetic decoder to perform the second scan procedure at
least once to generate a second syntax element decoding
result of the transform coeflicients. The first scan procedure
decodes a first coded syntax element of one transform
coellicient when performed by the arithmetic decoder once.
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DECODING APPARATUS CAPABLE OF
CONTROLLING REPETITION NUMBER OF
SCAN PROCEDURE BASED ON AT LEAST
ONE SYNTAX ELEMENT DECODING
RESULT AND RELATED METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
application No. 61/931,094, filed on Jan. 24, 2014 and
incorporated herein by reference.

FIELD OF THE INVENTION

The present imvention relates to transform coeflicient
decoding, and more particularly, to a decoding apparatus

capable of controlling a repetition number of a scan proce-
dure based on at least one syntax element decoding result
and a related method.

BACKGROUND AND RELATED ART

High E'ﬁClency Video Coding (HEVC) 15 a video coding
standard that 1s a successor to the H.264/AVC (Advanced
Video Coding) standard. One of 1ts primary objectives 1s to
provide better compression efliciency without detectable
loss 1 visual quality. Similarly, HEVC uses spatial and
temporal prediction, transform of the prediction residual,
and entropy coding of the transform and prediction infor-
mation. In accordance with HEVC, the basic processing unit
1s a coding tree unit (CTU) that 1s a generalization of the
H.264/AVC concept of a macroblock (MB). Each C'TU has
an associated quaditree structure that specifies how the CTU
1s subdivided. This subdivision yields coding umts (CUs). A
CU uses etther intra prediction or inter prediction, and 1s
subdivided 1nto prediction unmits (PUs). In addition, a nested
quadtree, referred to as the residual quadtree (RQT), parti-
tions one CU into transform units (1TUs). Concerning the
entropy encoding, HEVC employs context-adaptive binary
arithmetic coding (CABAC). Transform coellicients of each
4x4 transtorm coetlicient block within one TU 1s encoded
using CABAC according to a selected scan pattern, such as
a diagonal scan pattern, a horizontal scan pattern, or a
vertical scan pattern. In general, a scan pattern 1s used to
convert a two-dimensional (2D) transform coeflicient block
into a one-dimensional (1D) transform coetlicient array, and
also defines a processing order for encoding the transform
coellicients.

At the encoder side, one or more syntax clements are
encoded for each transform coeflicient 1n a 4x4 transiorm
coellicient block. The decoding process 1s an 1nverse of the
encoding process. Hence, at the decoder side, one or more
syntax clements are decoded for each transtorm coeflicient
in a 4x4 transform coetlicient block. A conventional entropy
decoder uses different scan procedures (SPs) to decide
different syntax elements, respectively. Specifically, the con-
ventional entropy decoder 1s configured to perform a scan
procedure for each coeflicient locations 1n one 4x4 trans-
form coeflicient block. Since one 4x4 transform coellicient
block has 16 transform coeflicients corresponding to 16
different coeflicient locations, one scan procedure 1s
repeated 16 times. That 1s, the repetition number of one scan
procedure 1s 16. However, 1t 1s possible that the entropy
encoder does not encode a specific syntax element for a
specific transform coeflicient, performing a specific scan
procedure for one coellicient location corresponding to the
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specific transform coeflicient 1s redundant, which may have
an 1mpact on the decoding efliciency. Thus, there 1s a need
for an 1nnovative entropy decoder design which 1s capable of
reducing the repetition number of at least one scan proce-
dure to improve the decoding efliciency.

BRIEF SUMMARY OF THE

INVENTION

One of the objectives of the claimed nvention 1s to
provide a decoding apparatus capable of controlling a rep-
ctition number of a scan procedure based on at least one
syntax element decoding result and a related method.

According to a first aspect of the present invention, an
exemplary decoding apparatus for decoding a bitstream of a
transform coethicient block 1s disclosed. The transform coet-
ficient block comprises a plurality of transform coetlicients.
The exemplary decoding apparatus includes an arithmetic
decoder and a controller. The arithmetic decoder 1s config-
ured to perform arithmetic decoding. The controller includes
a counter logic and a control logic. The counter logic 1s
configured to generate a first statistics result according to a
first syntax element decoding result. The control logic 1s
configured to instruct the arithmetic decoder to perform a
first scan procedure at least once to generate the first syntax
clement decoding result of at least a portion of the transform
coellicients, control a repetition number of a second scan
procedure based at least partly on the first statistics result,
and instruct the arithmetic decoder to perform the second
scan procedure at least once to generate a second syntax
clement decoding result of at least a portion of the transform
coellicients, wherein the first scan procedure decodes a first
coded syntax element of one of the transform coetl

icients to
generate a first syntax element when performed by the
arithmetic decoder once, and the second scan procedure
decodes a second coded syntax element of one of the
transform coelflicients to generate a second syntax element
when performed by the arithmetic decoder once.
According to a second aspect of the present invention, an

exemplary method for controlling decoding of a bitstream of
a transform coethcient block 1s disclosed. The transform
coellicient block comprises a plurality of transform coetl-
cients. The exemplary decoding method comprises: instruct-
ing an arithmetic decoder to perform a first scan procedure
at least once to generate a first syntax element decoding
result of at least a portion of the transform coeflicients,
wherein the first scan procedure decodes a first coded syntax
clement of one of the transform coellicients to generate a
first syntax element when performed by the arithmetic
decoder once; generating a first statistics result according to
the first syntax element decoding result; and controlling a
repetition number of a second scan procedure based at least
partly on the first syntax element decoding result, and
instructing the arithmetic decoder to perform the second
scan procedure at least once to generate a second syntax
clement decoding result of at least a portion of the transform
coellicients, wherein the second scan procedure decodes a
second coded syntax element of one of the transform coel-
ficients to generate a second syntax element when performed
by the arithmetic decoder once.

These and other objectives of the present mvention waill
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
ferred embodiment that 1s 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a block diagram illustrating a decoding appa-
ratus according to an embodiment of the present invention.
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FIG. 2 1s a diagram 1illustrating a transform coeflicient
block of a frame and a scan pattern adopted for encoding

transform coellicients included in the transform coeflicient
block according to an embodiment of the present invention.

FIG. 3 1s a diagram 1llustrating a decoding process of one
4x4 transtorm coeflicient block according to an embodiment
of the present invention.

FIG. 4 1s a diagram 1illustrating a first data structure used
for storing information of locations and intermediate values
ol non-zero transform coellicients according to an embodi-
ment of the present mnvention.

FIG. 5 1s a diagram 1llustrating a second data structure
used for storing information of locations and intermediate
values of non-zero transform coeflicients according to an
embodiment of the present invention.

FIG. 6 1s a diagram 1llustrating a storage state of inter-
mediate values of non-zero transform coeflicients after a
scan procedure 1s performed upon each of locations corre-
sponding to non-zero transform coetlicients.

FIG. 7 1s a diagram 1llustrating a storage state of inter-
mediate values of non-zero transform coeflicients after a
scan procedure 1s performed upon each of locations corre-
sponding to non-zero transform coellicients each having an
absolute value greater than one.

FIG. 8 1s a diagram illustrating another storage state of
intermediate values of non-zero transform coeflicients after
a scan procedure 1s performed upon each of locations
corresponding to non-zero transiorm coetlicients each hav-
ing an absolute value greater than one.

FI1G. 9 1s a flowchart illustrating a method for controlling
decoding of a bitstream of a transform coeflicient block
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Certain terms are used throughout the following descrip-
tion and claims, which refer to particular components. As
one skilled in the art will appreciate, electronic equipment
manufacturers may refer to a component by different names.
This document does not intend to distinguish between
components that difler in name but not 1n function. In the
following description and 1n the claims, the terms “include”
and “comprise” are used 1n an open-ended fashion, and thus
should be interpreted to mean “include, but not limited
to ... ”. Also, the term “couple” 1s intended to mean either
an indirect or direct electrical connection. Accordingly, if
one device 1s coupled to another device, that connection may
be through a direct electrical connection, or through an
indirect electrical connection via other devices and connec-
tions.

FIG. 1 1s a block diagram 1llustrating a decoding appa-
ratus according to an embodiment of the present invention.
For example, the decoding apparatus 100 may be part of an
HEVC decoder. In this embodiment, the decoding apparatus
100 includes a controller 102, an arithmetic decoder 104 and
a storage device 106, and 1s capable of decoding a bitstream
BS .. of a transform coeflicient block of a video frame. The
arithmetic decoder 104 1s configured to perform arithmetic
decoding, such as a CABAC decoding procedure, upon the
bitstream BS .- of the transform coeflicient block, where the
bitstream BS.. includes bins of coded syntax elements of
transform coeflicients in the transform coeflicient block. In
this embodiment, the arithmetic decoder 104 includes an
arithmetic decoding unit 112, a calculator 114, and an
updating unit 116. The arithmetic decoding unit 112 may

have a regular-mode decoding engine (not shown) and a
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4

bypass-mode decoding engine (not shown). The arithmetic
decoding unit 112 may decode at least one bin of a syntax
clement at a time.

When a bin (1.e., a bit) 1s encoded 1n a bypass mode, the
bypass-mode decoding engine may be enabled to decode the
bin. It should be noted that no context selection and context

updating 1s mvolved 1n the bypass-mode decoding process.
Hence, the calculator 114 and the updating unit 116 may not
be active in the bypass-mode decoding process. However,
when a bin (1.e., a bit) 1s encoded 1n a regular mode, the
regular-mode decoding engine 1s enabled to decode the bin.
As known to those skilled 1n the pertinent art, the CABAC
decoding 1n the regular mode may include a context selec-
tion process, an arithmetic decoding process, and a context
updating process. Hence, the calculator 114 and the updating
unit 116 may be active in the regular-mode decoding pro-
cess. Further details of the calculator 114 and the updating
unit 116 are described as below.

The second storage unmit 118 of the storage device 106 may
be mmplemented using a static random access memory
(SRAM). The second storage unit 118 1s used for storing
context variables (i.e., context model data), where each
context variable corresponds to probable values of a bin of
a syntax element and the probability of each of the probable
value. The calculator 114 1s used for dealing with the context
selection process by determining a context index ctxIdx,
such that a context variable indexed by the context index
ctxIdx 1s read from the second storage unit 118 and then
provided to the arithmetic decoding umt 112. The context
index ctxIdx may be expressed by the sum of a context index
oflset ctxOflset and a context index increment ctxInc. The
context index oflset ctxOllset 15 uniquely defined according
to the type of the syntax element. In other words, when a bin
to be decoded 1s part of a first syntax element, the context
index offset ctxOflset 1s set by a first predetermined value;
and when a bin to be decoded 1s part of a second syntax
clement, the context index offset ctxOflset 1s set by a second
predetermined value.

The calculator 114 evaluates the context index increment
ctxInc 1n the context selection process. In one exemplary
design, the calculator 114 may have several dedicated logics,
where each dedicated logic 1s used for calculating the
context index increment ctxInc of one corresponding syntax
clement. In another exemplary design, the calculator 114
may have several common basic logics, and the context
index increment ctxInc of each syntax element can be
calculated by a combination of part or all of the common
basic logics. However, this 1s for illustrative purposes only,
and 1s not meant to be a limitation of the present invention.

The regular-mode decoding engine of the arithmetic
decoding unit 112 1s responsible for dealing with the arith-
metic decoding process by generating a bin value based on
a context variable selected for a bin to be decoded. The
updating unit 116 1s responsible for dealing with the context
updating process. Specifically, after a decoding process of a
bin 1s completed, the updating unit 116 updates the corre-
sponding context variable in the second storage unit 118 1n
accordance with a decoding result of the bin (1.e., the bin
value generated from the regular-mode decoding engine of
the arithmetic decoding umt 112).

After a portion of the bitstream BS5 ;- (e.g., all bins of one
coded syntax element) has been successiully decoded by
regular-mode decoding engine or bypass-mode decoding
engine of the arithmetic decoding unit 112, a bin string
representative ol a syntax element SE i1s generated corre-
spondingly.
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In this embodiment, the controller 102 1s coupled to the
arithmetic decoder 104, and 1s configured to instruct the
arithmetic decoder 104 to perform a plurality of different
scan procedures, each used to decode a partial bitstream
derived from the bitstream BS ;.- of the transform coethicient
block to generate a syntax elements SE of one transform
coellicient in the transform coetlicient block. At the encoder
side, the transform coefficients 1n the transform coethicient
block are encoded using arithmetic encoding such as a
CABAC encoding procedure, such that the bitstream BS .-
1s generated from encoding the transform coeflicients in the
transform coeflicient block.

FIG. 2 1s a diagram illustrating a transform coeilicient
block of a video frame and a scan pattern adopted for
encoding transform coelflicients included 1n the transiorm
coellicient block according to an embodiment of the present
invention. The size of the transtorm coetlicient block BK 1s
4x4. Hence, as shown in sub-diagram (A) of FIG. 2, the
transform coeflicient block BK includes 16 transform coet-
ficients C,-C, . corresponding to 16 locations (0,0)-(3,3),
respectively. In a case where a diagonal scan pattern as
shown 1n sub-diagram (B) of FIG. 2 1s used, the transform
coeflicients C,-C,  1n the transform coetlicient block BK are
scanned based on the processing order defined by the
diagonal scan pattern. Hence, the transform coethicient C, .
1s the first scanned transform coeftlicient, and the transform
coellicient C,, 1s the last scanned transform coetlicient. Up to
five scan procedures may be applied to the transform coet-
ficients C,-C, <, and all the scan procedures follow the same
scan pattern. Each scan procedure 1s used to encode a syntax
clement for one of the transform coeflicients C,-C, <. In each
scan procedure, a syntax element 1s encoded only when
necessary. Since the decoding operation 1s an mverse of the
encoding operation. Thus, the arithmetic decoder 104 1is
controlled by the controller 102 to perform up to five scan
procedures for decoding all coded syntax elements of the
transform coellicients C,-C,. included in the transform
coellicient block BK. For example, a specific scan procedure
may decode a partial bitstream derived from the incoming,
bitstream BS .- of the transtform coetlicient block to output
a specific syntax element of one transform coetlicient when
performed by the anthmetic decoder 104 once.

In addition to instructing the arithmetic decoder 104 to
perform different scan procedures, the controller 102 1s
turther configured to control a repetition number of a scan
procedure (1.e., the number of times one scan procedure 1s
executed) based on one syntax element decoding result
generated from a different scan procedure (or multiple
syntax element decoding results generated from different
scan procedures). In this embodiment, the controller 102
includes a control logic 122 and a counter logic 124. The
counter logic 124 1s used to generate one or more statistics
results (e.g., counter values NC, and NC,) according to one
or more syntax element decoding results generated from one
or more scan procedures performed by the arithmetic
decoder 104. For example, the counter logic 124 may
generate a first statistics result (e.g., counter value NC,)
according to one syntax element decoding result (e.g.,
Dgz 1), and may further generate a second statistics result
(e.g., counter value NC,) according to at least two syntax
element decoding results (e.g., Do, 2 and D, 3). The
control logic 122 refers to at least one of the statistics results
(e.g., at least one of the counter values NC, and NC,) to
control the repetition number of a specific scan procedure. In
this way, the number of times the arithmetic decoder 104
performs the specific scan procedure may be controlled to be
smaller than the number of transform coethicients C,-C, < 1n
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6

the transform coethlicient block BK, thus leading to better
decoding efliciency. Further details are described as below.

FIG. 3 1s a diagram illustrating a decoding process of one
4x4 transiorm coellicient block according to an embodiment
of the present invention. In the beginning, the control logic
122 of the controller 102 instructs the arithmetic decoder
104 to perform a scan procedure SP, at least once (e.g., 16
times), where the scan procedure SP, decodes a partial
bitstream, including a coded syntax element of one of the
transform coethlicients C,-C, ., to generate a syntax element
significant_coell_flag when performed by the arithmetic
decoder 104 once. In this embodiment, the control logic 122
controls the repetition number N, of the scan procedure SP,
to be 16, such one syntax element significant_coefl_flag of
cach of the transtform coeflicients C,-C, . will be generated
by the anthmetic decoder 104. In other words, the scan
procedure SP, 1s performed upon each of the locations
(0,0)-(3,3) within the ftransform coeflicient block BK.
Hence, the syntax element decoding result D¢, 1 of the
transiform coeflicients C,-C, < includes syntax elements sig-
nificant_coefl_flag of all of the transform coellicients
Co-C,s, where each syntax element significant_coefl flag
indicates whether a corresponding transform coeflicient 1s
non-zero or not. For example, when significant coeil
flag=1, 1t indicates that the corresponding transform coetl-
cient has a non-zero value; and when significant_coefl
flag=0, 1t 1ndicates that the corresponding transform coetli-
cient has a zero value. Further, when a syntax element
significant_coefl_flag of a specific transform coeflicient
indicates that the specific transform coeflicient 1s a non-zero
value, the specific transform coeflicient may be regarded as
having an intermediate value equal to one, and additional
syntax elements should be checked to determine a {inal
value of the specific transform coeflicient. However, when
the syntax element significant coefl_flag of the specific
transform coeflicient indicates that the specific transform
coellicient 1s a zero value, the final value of the specific
transform coeflicient 1s confirmed to be the zero value, and
there 1s no need to check additional syntax
clements, including coell_abs_level_greaterl _flag,
coell_abs_level greater2 tlag, and coell_sign_flag, and
coell_abs_level_remaining. Specifically, the bitstream BS .-
of the transform coeflicient block BK may not have coded
syntax clements coell_abs_level_greaterl _flag,
coell_abs_level_greater2_flag, coefl_sign_flag, and coel-
f_abs_level_remaining for the specific transform coethicient.
The following scan procedures SP,, SP,, SP,, and SP.
performed upon a location corresponding to the specific
transiform coellicient may be omuitted.

The counter logic 124 1s configured to refer to the syntax
clement decoding result D 1 of the transform coethicients
C,-C,s (i.e., syntax elements significant coefl flag of the
transform coeflicients C,-C, <) to count the number of trans-
form coeflicients each having a non-zero value and accord-
ingly output a counter value NC, to the control logic 122.
The control logic 122 may store the counter value NC, 1nto
a register REG,; for future use. In this embodiment, the
control logic 122 1s configured to control the repetition
number N, of the scan procedure SP, and/or the repetition
number N, of the scan procedure SP, according to the
counter value NC, . In addition, the counter value NC, may
be involved 1n deciding the repetition number N of the scan
procedure SP..

To facilitate computation of final values of non-zero
transform coeflicients and repetition control of following
scan procedures, the control logic 122 1s further configured
to store information of locations and intermediate values of
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non-zero transform coetlicients found by scan procedure SP,
into the first storage unit 117 of the storage device 106. By
way ol example, but not limitation, the first storage unit 117
may be implemented using registers.

FIG. 4 1s a diagram 1illustrating a first data structure used
for storing information of locations and intermediate values
ol non-zero transform coeflicients according to an embodi-
ment of the present invention. In this exemplary embodi-
ment, one 1D array 402 may be used to store the location
information, and another 1D array 404 may be used to store
the intermediate value information. Assume that syntax
clements significant_coell_flag of the transform coeflicients
Co, Cs, Cq, €y, and C,; indicate that the corresponding
transform coellicients have non-zero values, while syntax
clements significant_coell_flag of the remaining transiorm
coellicients 1ndicate that the corresponding transform coet-
ficients have zero values. The array elements E,-E, . of the
array 402 store location information (0,0), (1,1), (2,0), (2,2),
and (3,1), respectively, and the array elements E,, -E, - of the
array 404 store intermediate value information 1, 1, 1, 1, and
1, respectively.

FIG. 5 1s a diagram 1llustrating a second data structure
used for storing information of locations and intermediate
values of non-zero transform coetlicients according to an
embodiment of the present invention. In this exemplary
embodiment, one 2D array (e.g., 4x4 array) 502 may be used
to store the location information as well as the intermediate
value 1nformation, where the location information 1s
recorded using index values, and the mtermediate value
information 1s recorded in array elements indexed by the
location information. For clarity and simplicity, the follow-
ing assumes that the data structure shown i FIG. 5 1s
employed 1n the first storage umt 117.

In this example, syntax elements significant_coefl_flag of
the transform coethcients C,, C., Cq, C,,, and C,; mdicate
that transform coetlicients C,, C., Cq, C,,, and C,; have
non-zero values. Hence, the counter value NC, 1s set by 5

and stored 1n the register REG,. Next, the control logic 122
of the controller 102 1nstructs the arithmetic decoder 104 to
perform another scan procedure SP, at least once, where the
scan procedure SP, decodes a partial bitstream, including a
coded syntax element of one of the transform coeflicients
Co-C s, to generate a syntax clement
coell_abs_level greater]l _flag when performed by the arith-
metic decoder 104 once. In this embodiment, the control
logic 122 controls the repetition number N, of the scan
procedure SP, based at least partly on the syntax element
decoding result D, 1. Specifically, the control logic 122
controls the repetition number N, of the scan procedure SP,
according to the counter value NC, derived from the syntax
clement decoding result D 1. In accordance with HEVC,
the syntax element Coezf_abg_level_greaterl_ﬂag 1s coded
for at most 8 non-zero transform coeflicients 1n one 4x4
transform coeflicient block. The control logic 122 1s con-
figured to compare the counter value NC, with a threshold
value (e.g., 8), and set the repetition number N, of the scan
procedure SP, based on a comparison result. For example,
N,=NC, 1f NC,=8, and N,=8 1 NC,>8. Hence, when
NC, =8, the scan procedure SP, 1s performed upon locations
corresponding to all non-zero transform coeflicients 1denti-
fied by the previous scan procedure SP,. When NC,>8, the
scan procedure SP, 1s performed upon locations correspond-
ing to the first 8 non-zero transform coeflicients, such that
locations corresponding to the remaining non-zero trans-
torm coethicients will not be checked by the scan procedure
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The scan procedure SP, 1s performed for N, locations
within the transform coetlicient block BK. Hence, the syntax
clement decoding result D . 2 of at least a portion of the
transform coeflicients C,-C,. includes syntax elements
coell_abs_level_greaterl _flag of N, transform coetlicients,
where each syntax element coefl_abs_level greaterl_flag
indicates whether a corresponding transform coeflicient 1s
greater than one. For example, when
coell_abs_level_greater]l_tlag=1, it indicates that the corre-
sponding transform coeflicient 1s greater than one; and when
coell_abs_level_greater]l _tlag=0, it indicates that the corre-
sponding transform coeflicient 1s not greater than one. When
a syntax element coell_abs_level greater]l_flag of a specific
non-zero transform coeflicient indicates that the specific
non-zero transform coeflicient 1s greater than one, the spe-
cific non-zero transform coellicient may be regarded as
having an intermediate value equal to two, and additional
syntax elements should be checked to determine a {inal
value of the specific non-zero transform coeflicient. How-
cver, when the syntax clement
coell_abs_level_greater]l_tlag of the specific non-zero trans-
form coeflicient indicates that the specific non-zero trans-
form coetlicient 1s not greater than one, a final absolute value
of the specific non-zero transiform coethicient 1s confirmed to
be one, and there 1s no need to check additional syntax
clements, including coell_abs level greater2,, flag and
coell_abs_level remaining. Specifically, the bitstream BS ;.-
of the transform coeflicient block BK may not have coded
syntax elements coell_abs_level_greater2 flag and coel-
{_abs_level_remaining for the specific non-zero transform
coellicient. The following scan procedures SP, and SP.
performed upon a location corresponding to the specific
non-zero transform coeflicient may be omitted.

The counter logic 124 1s configured to refer to the syntax
element decoding result D,. 2 of N, transform coeflicients
(i.e., syntax elements coefl abs_level greater] flag of N,
transform coeilicients) to count the number of transform
coellicients each having an absolute value equal to either of
one and two, and accordingly output another counter value
NC, to the control logic 122. The control logic 122 may
store the counter value NC, into another register REG, for
future use.

To facilitate computation of final values of non-zero
transform coeflicients and repetition control of following
scan procedures, the control logic 122 updates intermediate
values 1n the first storage umt 117 of the storage device 106
according to non-zero transiorm coeflicients that found by
scan procedures SP, to be greater than one. Assume that
syntax elements coell_abs_level_greater]l_flag of the trans-
form coeflicients C,, C., and C,; indicate that transform
coellicients C,, C, and C, have absolute values greater than
one. Hence, the intermediate values stored 1n array elements
corresponding to locations (0,0), (1,1), and (2,0) are updated
to be two, as shown 1n FIG. 6. It should be noted that, since
syntax elements coefl_abs_level_greaterl_flag of the trans-
form coefhicients C,, and C,, indicate that transtorm coet-
ficients C,, and C,; have absolute values not greater than
one, the final absolute values of the transtform coeflicients
C,, and C,; are confirmed to be one. Since there are two
non-zero transform coetlicients confirmed to have absolute
values each equal to one, the counter value NC, 1s set by 2
correspondingly.

Next, the control logic 122 of the controller 102 instructs
the arithmetic decoder 104 to perform another scan proce-
dure SP; at least once (e.g., one time only), where the scan
procedure SP, decodes a partial bitstream, including a coded
syntax element of one of the transform coeflicients C,-C, <,
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to generate a syntax element coell_abs_level_greater2_flag
when performed by the arithmetic decoder 104 once. In
accordance with HEVC, the syntax clement
coell_abs_level_greater2_flag 1s coded for only a single
non-zero transform coeflicient 1n one 4x4 transform coetli-
cient block. Hence, during the decoding process of the
transform coetlicient block BK, the arithmetic decoder 104
performs the scan procedure SP, only once, such that the
control logic 122 directly sets the repetition number N, of
the scan procedure SP; by one.

The scan procedure SP, 1s only performed for a location
of one transform coeflicient with a syntax eclement
coell_abs_level_greaterl _flag indicating that the corre-
sponding transform coeflicient has an absolute value greater
than one. Hence, the syntax element decoding result D 3
of at least a portion of the transform coeflicients C,-C, . only
includes a syntax element coell_abs_level_greater2_flag of
one transform coethcient with a syntax eclement
coell_abs_level greaterl _flag indicating that the corre-
sponding transiform coeflicient has an absolute value greater
than one, where the syntax clement
coell_abs_level greater2_flag indicates whether an absolute
value of the corresponding transform coeflicient 1s greater
than two. For example, when
coell_abs_level greater2_flag=1, 1t indicates that the abso-
lute value of the corresponding transform coeflicient 1is
greater than two; and when
coell_abs_level_greater2_flag=0, 1t indicates that the abso-
lute value of the corresponding transform coellicient 1s not
greater than two. When a syntax clement
coell_abs_level greater2_flag of a specific non-zero trans-
form coeflicient indicates that the absolute value of the
specific non-zero transform coeflicient 1s greater than two,
the specific non-zero transiform coetlicient may be regarded
as having an intermediate value equal to three, and addi-
tional syntax elements should be checked to determine a
final value of the specific non-zero transform coetlicient.
However, when the syntax clement
coell_abs_level greater2_flag of the specific non-zero trans-
form coethicient indicates that the absolute value of the
specific non-zero transform coeflicient 1s not greater than
two, the final absolute value of the specific non-zero trans-
form coeflicient 1s confirmed to be two, and there 1s no need
to check the additional syntax element coefl_abs_level_re-
maining. Specifically, the bitstream BS; . of the transform
coellicient block BK may not have a coded syntax element
coell_abs_level remaining for the specific non-zero trans-
form coeflicient. The following scan procedure SP. per-
formed upon a location corresponding to the specific non-
zero transform coeflicient may be omuitted.

The counter logic 124 1s further configured to refer to the
syntax element decoding result D.. 3 of one transiorm
coellicient (1.e., a syntax clement
coell_abs_level_greater2_flag of one transform coeilicient)
to selectively update the number of transform coeflicients
cach having an absolute value equal to either of one and two.
When the syntax element coefl_abs_level greater2_flag
indicates that the absolute value of the corresponding trans-
form coeflicient 1s greater than two, the counter value N,
stored 1n the register REG, remains unchanged. However,
when the syntax element coefl_abs_level greater2 flag
indicates that the absolute value of the corresponding trans-
form coetlicient 1s not greater than two, the counter logic 124
adds one to the current counter value N,, and outputs an
updated counter value N, to the control logic 122. Since
there are two non-zero transform coeflicients confirmed to
have absolute values each equal to one and one non-zero
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transform coetlicient confirmed to have an absolute value
equal to two, the counter value NC, stored in the register
REG, 1s updated to be three correspondingly.

Assume that the scan procedure SP, 1s performed upon
the location (1,1) corresponding to the transform coeflicient
C. having an absolute value greater than one, and a syntax
clement coell_abs_level_greater2_flag of the transform
coellicient C. indicates that the transform coeflicient C; has
an absolute value greater than two. Hence, the intermediate
value stored 1n an array element corresponding to location
(1,1) 1s updated to be three, as shown 1n FIG. 7. It should be
noted that only the final absolute values of the transform
coellicients C,, and C,; are already confirmed. The counter
value NC, 1s set by 2 correspondingly.

Assume that the scan procedure SP, 1s performed upon
the location (1,1) corresponding to the transform coeflicient
C. having an absolute value greater than one, and the syntax
clement coell_abs_level_greater2_flag of the transform
coellicient C indicates that transform coeflicient C< has an

absolute values not greater than two. Hence, the final
absolute value of the transform coeflicient C; 1s confirmed to
be two, as shown 1n FIG. 8. It should be noted that the final
absolute values of the transtorm coetlicients C, C,, and C, ,
are already confirmed. The counter value NC, 1s set by 3
correspondingly.

Next, the control logic 122 of the controller 102 1nstructs
the arithmetic decoder 104 to perform another scan proce-
dure SP, at least once (e.g., NC, times), where the scan
procedure SP, decodes a partial bitstream, including a coded
syntax element of one of the transform coetlicients C,-C, .,
to generate a syntax element coell_sign_flag when per-
formed by the arithmetic decoder 104 once. In this embodi-
ment, the control logic 122 controls the repetition number
N, of the scan procedure SP, based at least partly on the
syntax element decoding result D, 1. As mentioned above,
when the syntax element significant_coeff flag of a specific
transform coeflicient indicates that the specific transform
coellicient 1s a zero value, the final value of the specific
transform coeflicient 1s confirmed to be the zero value.
Hence, there 1s no need to check an additional syntax
clement to identily the sign information of the specific
transform coetlicient. The control logic 122 therefore con-
trols the repetition number N, of the scan procedure SP,
according to the counter value NC, derived from the syntax
element decoding result Dg, 1. Specifically, the repetition
number N, of the scan procedure SP, 1s set by the counter
value NC, . Hence, the syntax element decoding result D . 4
of at least a portion of the transform coefficients C,-C, <
includes syntax elements coell_sign_flag of NC, transform
coellicients, where each syntax element coefl_sign_flag
indicates sign information of a corresponding transform
coellicient. For example, when coefl_sign_flag=1, 1t 1ndi-
cates that the corresponding transform coetlicient 1s a posi-
tive value; and when coell_sign flag=0, 1t indicates that the
corresponding transform coeflicient 1s a negative value.

As mentioned above, syntax elements significant_coefl_
flag of the transform coeflicients C,, C, Cq, C,,, and C, 4
indicate that transform coethcients C,, C., Cq, C,,, and C, 4
have non-zero values. Hence, the scan procedure SP, 1s
performed upon each of the locations (0,0), (1,1), (2,0),
(2,2), (3,1) corresponding to the non-zero transform coefli-
cients C,, Cs, Cq, C, 5, and C, ;. Hence, the sign information
of the non-zero transtorm coetlicients C,, C;, C,, C,,, and
C, 5 1s decided.

Next, the control logic 122 of the controller 102 instructs
the arithmetic decoder 104 to perform another scan proce-
dure SP. at least once, where the scan procedure SP.
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decodes a partial bitstream, 1inc.

ment of one of the transtorm coethicients C,-C, ., to generate
a syntax eclement coefl_abs_level remaining when per-
formed by the arithmetic decoder 104 once. In this embodi-
ment, the control logic 122 controls the repetition number
N. of the scan procedure SP, based at least partly on the
syntax element decoding results D.. 1, D 2 and D, 3.
As mentioned above, when the syntax element
coell_abs_level greater]l_flag of a non-zero transform coet-
ficient (which has significant_coefl_flag=1) indicates that
the absolute value of the non-zero transform coetlicient 1s
not greater than one, the final absolute value of the non-zero
transform coeflicient 1s confirmed to be one; and when the
syntax element coell_abs_level greater2_flag of a non-zero
transform coeflicient (which has significant_coefl flag=1)
indicates that the absolute value of the non-zero transform
coellicient 1s not greater than two, the final absolute value of

the non-zero transform coeth

uding a coded syntax ele-

icient 1s confirmed to be two.
Hence, when a non-zero transform coetflicient 1s confirmed
to have an absolute value equal to either of one and two,
there 1s no need to check an additional syntax element
coell_abs_level remaining to identify the remaining abso-
lute value. In other words, when a final absolute value of a
non-zero transform coeflicient 1s not confirmed vyet, an
additional syntax element coefl_abs_level remaining
should be checked to 1dentily the remaining absolute value.

The counter value NC, generated by the counter logic 124
and stored 1n the register REG, 1s indicative of the number
of first transform coeflicients each having a non-zero value,
wherein each first transform coetlicient 1s included in the
transform coeflicient block BK to be decoded. The counter
value NC, generated/updated by the counter logic 124 and
stored 1n the register REG, 1s indicative of the number of

second transform coeth

icients each having an absolute value
equal to erther of one and two, wherein each second trans-
form coeflicient 1s included in the transform coethlicient
block BK to be decoded. Hence, the control logic 122
controls the repetition number N of the scan procedure SP.
according to the counter values NC, and NC,. Specifically,
the repetition number N, of the scan procedure SP: 1s set by
a difference between the counter values NC, and NC,, 1.e.,
N.=NC,-NC,. Hence, the syntax element decoding result
D.. 5 of at least a portion of the transform coeflicients
C,-C, s includes syntax elements coetl_abs_level _remaining
of (NC,-NC,) transform coeflicients, where each syntax
clement coefl

_abs_level_remaining indicates a remaining
absolute value of a corresponding transform coeflicient.

[et the base level Basel evel of a transform coetlicient be
defined as

baseLevel=significant coefl flag+
coefl_abs level greaterl flag+

coell_abs_level greater? flag (1)

where a flag has a value of 0 or 1, and 1s inferred to be 0 1
not present. In other words, the base level BaseLevel of the
coellicient may be an intermediate value set by scan proce-
dure SP, only, may be an intermediate value 1nitially set by
scan procedure SP, and then updated by scan procedure SP,,
or may be an intermediate value 1nitially set by scan pro-
cedure SP, and then sequentially updated by scan proce-
dures SP, and SP,. The absolute value absCoefllevel of the

coellicient may be simply defined as below.

(2)

With regard to the example shown 1n FIG. 7, the final
absolute values of the non-zero transtorm coeth

absCoeflLevel=baselLevel+coefl abs level remaining

icients C,,
and C,; are confirmed to be 1 and 1, respectively; and the
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final absolute values of the non-zero transform coethcients
C,, Cs and Cg are not confirmed yet. Thus, the scan proce-
dure SP 1S performed upon e¢ach of the locations (0,0), (1, l)
and (2,0) corresponding to the non-zero transform coetl-
cients C,, C. and C,. For example, when the syntax elements
coell_abs_level_remaining of the non-zero transform coet-
ficients C,, C; and C, indicate that the remaining absolute
values are 5, 3, and 6, the final absolute values of the
non-zero transiform coetlicients C,, C. and C are confirmed
to be 5, 6, and 8.

Wlth regard to the example shown in FIG. 8, the final
absolute values of the non-zero transform coeflicients C.,
C,,and C, 5 are confirmed to be 2, 1, and 1, respectively; and
the final absolute values of the non-zero transform coefli-
cients C, and C; are not confirmed yet. Thus, the scan
procedure SP. 1s performed upon each of the locations (0,0)
and (2,0) eerrespendmg to the non-zero transform coeth-
cients C, and C,. For example, when the syntax elements
coell_abs_level remaining of the non-zero transform coet-
ficients C, and C, indicate that the remaining absolute values
are 5 and 3, the final absolute wvalues of the non-zero

transform coethicients C, and C, are confirmed to be 7 and
3.

In accordance with HEVC, the syntax elements signifi-
cant_coell_{flag, coell_abs_level_greater]_tlag, and
coell_abs_level_greater2_flag are coded in normal mode,

and the syntax elements coefl_sign_flag and coefl_ab-

s_level_remaining are coded in bypass mode. After the
needed syntax elements are obtained by the decoding appa-
ratus 100 by performing some or all of the scan procedures
SP,-SP., the final values of the transtorm coetlicients
Co-C, < 1n the transform coethlicient block BK can be deter-
mined. Since the repetition number of the scan procedure
performed by the arithmetic decoder 104 can be reduced
under the control of the proposed controller 102, the decod-
ing elliciency can be improved greatly.

In above embodiment, the control logic 122 stores the
counter value NC, 1nto the register REG, when receiving the
counter value NC, generated from the counter logic 124.
Hence, the control logic 122 reads the counter values NC,

and NC, from the registers REG, and REG,, and subtracts
the counter value NC, from the counter value NC, to
generate a diflerence value used to control the repetition
number N, of the scan procedure SP.. However, this 1s for
illustrative purposes only, and 1s not meant to be a limitation
of the present invention. In an alternative design, the control
logic 122 may be configured to subtract the counter value
NC, from the counter value NC, to generate a difference
value when recerving the counter value NC, generated from
the counter logic 124, and then stores the difference value
into the register REG,. Hence, the control logic 122 may
directly read the difference value from the register REG, to
control the repetition number N of the scan procedure SP .

FIG. 9 1s a tlowchart illustrating a method for eentrelling
decoding of a bitstream of a transform coeilicient block
according to an embodiment of the present invention. By
way of example, but not limitation, the bitstream of the
transform coeflicient block may be generated from an
HEVC encoder, where the transtorm coethcient block has a
plurality of transform coeflicients. Provided that the result 1s
substantially the same, the steps are not required to be
executed 1n the exact order shown in FIG. 9. The method
may be employed by the controller 102 of the decoding
apparatus 100 shown 1n FIG. 1, and may be briefly summa-
rized as below.
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Step 900: Start.

Step 902: Instruct an anthmetic decoder to perform one
scan procedure SP, at least once (e.g., 16 times) to generate
a syntax element decoding result D 1 of at least a portion
(e.g., all) of the transform coefficients, wherein the scan
procedure SP, decodes a partial bitstream, including a coded
syntax element of one of the transform coethicients, to
generate a syntax element significant_coefl_flag when per-
formed by the arithmetic decoder once.

Step 904: Based on the syntax element decoding result
D¢, 1, count the number of specific transform coeflicients
each having a non-zero value, and accordingly generate and
store a first counter value NC, .

Step 906: Control a repetition number of another scan
procedure SP, based at least partly on the first counter value
NC,, and 1nstruct the arithmetic decoder to perform the scan
procedure SP, at least once to generate a syntax element
decoding result Dy, 2 of at least a portion of the transtorm
coellicients, wherein the scan procedure SP, decodes a
partial bitstream, including a coded syntax element of one of
the transform coeflicients, to generate a syntax element
coell_abs_level greater]l _flag when performed by the arith-
metic decoder once. The repetition number of another scan
procedure SP, may be limited to a threshold value (e.g., 8)
when a comparison result of the first counter value NC, and
the threshold value indicates that the first counter value NC,
exceeds the threshold value.

Step 908: Based on the syntax element decoding result
Dz 2, count the number of specific transform coeflicients
cach having an absolute value equal to one, and accordingly
generate and store a second counter value NC.,.

Step 910: Instruct an arithmetic decoder to perform
another scan procedure SP, at least once (e.g., one time
only) to generate a syntax element decoding result D,. 3 of
at least a portion (e.g., only one) of the transform coeffi-
cients, wherein the scan procedure SP, decodes a partial
bitstream, including a coded syntax element of one of the
transform coelflicients, to generate a syntax eclement
coell_abs_level greater2_flag when performed by the arith-
metic decoder once.

Step 912: Based on the syntax element decoding result
D 3, selectively update the second counter value NC, for
indicating the number of specific transform coefficients each
having an absolute value equal to either of one and two.

Step 914: Control a repetition number of another scan
procedure SP, based at least partly on the first counter value
NC,, and 1nstruct the arithmetic decoder to perform the scan
procedure SP, at least once (e.g., NC, times) to generate a
syntax element decoding result D, 4 of at least a portion of
the transform coetlicients, wherein the scan procedure SP,
decodes a partial bitstream, including a coded syntax ele-
ment of one of the transform coetilicients, to generate a

syntax element coefl_sign_flag when performed by the
arithmetic decoder once.

Step 916: Control a repetition number of another scan
procedure SP. based at least partly on a diflerence D
between the first counter value NC, and the second counter
value NC,, and instruct the arithmetic decoder to perform
the scan procedure SP. at least once (e.g., D times) to
generate a syntax element decoding result Do 5 of at least
a portion of the transform coeflicients, wherein the scan
procedure SP. decodes a partial bitstream, including a coded
syntax element of one of the transform coethlicients, to
generate a syntax element coefl_abs_level_remaining when
performed by the arithmetic decoder once.
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Step 918: End.

As a person skilled in the art can readily understand
details of each step shown in FIG. 9 after reading above
paragraphs, further description 1s omitted here for brevity.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as

limited only by the metes and bounds of the appended
claims.

The mvention claimed 1s:

1. A decoding apparatus for decoding a bitstream of a
transform coeflicient block, the transform coeflicient block
comprising a plurality of transform coetlicients, the decod-
Ing apparatus comprising;

an arithmetic decoder, configured to perform arithmetic
decoding; and

a controller, comprising;:

a counter logic, configured to generate a first statistics
result according to a first syntax element decoding
result; and

a control logic, configured to instruct the arithmetic
decoder to perform a first scan procedure at least once
to generate the first syntax element decoding result of
at least a position of the transform coetlicients, control
a repetition number of a second scan procedure based
at least partly on the first statistics result, and instruct
the arithmetic decoder to perform the second scan
procedure at least once to generate a second syntax
clement decoding result of at least a portion of the
transform coeflicients,

wherein the first scan procedure decodes a first coded
syntax element of one of the transform coethicients to
generate a {irst syntax element when performed by the
arithmetic decoder once, and

the second scan procedure decodes a second coded syntax
clement of one of the transform coetlicients to generate
a second syntax element when performed by the arith-
metic decoder once.

2. The decoding apparatus of claim 1, wherein the rep-
ctition number of the second scan procedure 1s smaller than
a number of the transform coellicients in the transform
coellicient block.

3. The decoding apparatus of claim 1, wherein each first
syntax element included 1n the first syntax element decoding
result indicates whether a corresponding transform coetli-
cient 1S non-zero or not.

4. The decoding apparatus of claim 3, wherein the counter
logic 1s configured to generate a counter value as the first
statistics result by counting a number of specific transform
coellicients each having a non-zero value, where each spe-
cific transform coetlicient 1s included in the transform coet-
ficient block.

5. The decoding apparatus of claim 1, wherein each
second syntax element included in the second syntax ele-
ment decoding result indicates whether an absolute value of
a corresponding transform coeflicient 1s greater than one.

6. The decoding apparatus of claim 1, wherein each
second syntax element included i1n the second syntax ele-
ment decoding result indicates sign information of a corre-
sponding transform coefhicient.

7. The decoding apparatus of claim 1, wherein the counter
logic 1s further configured to generate a second statistics
result according to at least the second syntax element
decoding result and a third syntax element decoding result;

and the control logic 1s further configured to instruct the
arithmetic decoder to perform a third scan procedure at
least once to generate the third syntax element decod-




US 9,912,968 B2

15

ing result of at least a portion of the transform coefli-
cients, control a repetition number of a fourth scan
procedure based at least partly on the first statistics
result and the second statistics result, and 1nstruct the
arithmetic decoder to perform the fourth scan proce-
dure at least once to generate a fourth syntax element
decoding result of at least a portion of the transform
coeflicients,

where the third scan procedure decodes a third coded

syntax element of one of the transform coetlicients to
generate a third syntax element when performed by the
arithmetic decoder once, and

the fourth scan procedure decodes a fourth coded syntax

clement of one of the transform coeflicients to generate
a fourth syntax element when performed by the arith-
metic decoder once.

8. The decoding apparatus of claim 7, wherein the rep-
ctition number of the fourth scan procedure 1s smaller than
a number of the transform coellicients 1n the transform
coellicient block.

9. The decoding apparatus of claim 7, wherein each first
syntax element included in the first syntax element decoding
result indicates whether a corresponding transform coetli-
cient 15 non-zero or not; each second syntax element
included i the second syntax element decoding result
indicates whether an absolute value of a corresponding
transform coelflicient 1s greater than one; and each third
syntax element included 1n the third syntax element decod-
ing result indicates whether an absolute value of a corre-
sponding transform coeflicient 1s greater than two.

10. The decoding apparatus of claim 9, wherein the
counter logic 1s configured to

generate a {irst counter value as the first statistics result by

counting a number of first transform coetlicients each
having a non-zero value, and generate a second counter
value as the second statistics result by counting a
number of second transform coeflicients each having an
absolute value equal to either one and two,

where each first transform coeflicient 1s icluded 1n the

transform coeflicient block, and each second transform
coellicient 1s included in the transform coethcient
block;

and the control logic 1s configured to control the repetition

number of the fourth scan procedure according to a
difference between the first counter value and the
second counter value.
11. The decoding apparatus of claim 7, wherein each
fourth syntax element included 1n the fourth syntax element
decoding result indicates a remaining absolute value of a
corresponding transiform coefhicient.
12. A method for controlling decoding of a bitstream of a
transform coeflicient block, the transtorm coeflicient block
comprising a plurality of transform coetlicients, the decod-
ing method comprising:
instructing an arithmetic decoder to perform a first scan
procedure at least once to generate a first syntax
clement decoding result of at least a portion of the
transform coeflicients, wherein the first scan procedure
decodes a first coded syntax element of one of the
transiorm coetlicients to generate a first syntax element
when performed by the arithmetic decoder once;

generating a first statistics result according to the first
syntax element decoding result; and

controlling a repetition number of a second scan proce-

dure based at least partly on the {first statistics resullt,
and 1nstructing the arithmetic decoder to perform the
second scan procedure at least once to generate a
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second syntax element decoding result of at least a
portion of the transform coeflicients, wherein the sec-
ond scan procedure decodes a second coded syntax
clement of one of the transform coetlicients to generate
a second syntax element when performed by the arith-
metic decoder once.
13. The method of claam 12, wherein the repetition
number of the second scan procedure 1s smaller than a
number of the transform coeflicients in the transform coet-
ficient block.
14. The method of claim 12, wherein each first syntax
clement included 1n the first syntax element decoding result
indicates whether a corresponding transform coeflicient 1s
non-zero or not.
15. The method of claim 14, wherein generating the first
statistics result according to the first syntax element decod-
ing result comprises:
generating a counter value as the first statistics result by
counting a number of specific transform coeflicients
cach having a non-zero value, wherein each specific
transiorm coeflicient 1s included 1n the transform coet-
ficient block.
16. The method of claim 12, wherein each second syntax
clement included 1n the second syntax element decoding
result indicates whether an absolute value of a correspond-
ing transform coethlicient 1s greater than one.
17. The method of claim 12, wherein each second syntax
clement included 1n the second syntax element decoding
result indicates sign information of a corresponding trans-
form coeflicient.
18. The method of claim 12, further comprising:
instructing the arithmetic decoder to perform a third scan
procedure at least once to generate a third syntax
clement decoding result of at least a portion of the
transform coeflicients, wherein the third scan procedure
decodes a third coded syntax element of one of the
transform coeflicients to generate a third syntax ele-
ment when performed by the arithmetic decoder once;

generating a second statistics result according to at least
the second syntax element decoding result and the third
syntax element decoding result; and

controlling a repetition number of a fourth scan procedure

based at least partly on the first statistics result and the
second statistics result, and instructing the arithmetic
decoder to perform the fourth scan procedure at least
once to generate a fourth syntax element decoding
result of at least a portion of the transform coeflicients,
wherein the fourth scan procedure decodes a fourth
coded syntax element of one of the transform coetl-
cients to generate a fourth syntax element when per-
formed by the anthmetic decoder once.

19. The method of claam 18, wherein the repetition
number of the fourth scan procedure 1s smaller than a
number of the transform coeflicients in the transform coet-
ficient block.

20. The method of claim 18, wherein each first syntax
clement included 1n the first syntax element decoding result
indicates whether a corresponding transform coeflicient 1s
non-zero or not; each second syntax element included 1n the
second syntax element decoding result indicates whether an
absolute value of a corresponding transform coeflicient 1s
greater than one; and each third syntax element included 1n
the third syntax element decoding result indicates whether
an absolute value of a corresponding transform coeflicient 1s
greater than two.
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21. The method of claim 20, wherein:

generating the first statistics result according to the first

syntax element decoding result comprises:

generating a first counter value as the first statistics result

by counting a number of first transform coeflicients 5
cach having a non-zero value, wherein each first trans-
form coeflicient 1s included 1n the transform coethicient
block;

generating the second statistics result according to at least

the second syntax element decoding result and the third 10
syntax element decoding result comprises:
generating a second counter value as the second statistic
result by counting a number of second transform coet-
ficients each having an absolute value equal to either of
one and two, wherein each second transform coeflicient 15
1s 1included 1n the transtform coetlicient block; and

controlling the repetition number of the fourth scan pro-
cedure based at least partly on the first statistics result
and the second statistics result comprises:

controlling the repetition number of the fourth scan pro- 20

cedure according to a diflerence between the first
counter value and the second counter value.

22. The method of claim 18, wherein each fourth syntax
clement included in the fourth syntax element decoding
result indicates a remaining absolute value of a correspond- 25
ing transform coeflicient.
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